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Title of the Inventions 

THIN FILM SEMICONDUCTOR DEVICE 

Claims: 

A thin film semiconductor device characterized in that 
a single crystal semiconductor film is formed over a substrate 
or a film made of silicon nitride through a silicon oxide film, 
and active regions are formed on said semiconductor film* 

Detailed Description of the Invention: 

This invention relates to a thin film semiconductor 
device fabricated by use of a single crystal semiconductor film 
formed over a dielectric substrate or a dielectric filnu 

It is known to fabricate a thin film IGFET {insulated 
gate field effect transistor) by the steps of forming a 
polycrystalline Si film over a single crystal Si substrate 
through a Si0 2 film, scanning (so-called "laser annealing") 
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the poly-Si film to convert it to a single crystal while a laser 
beam is irradiated to the poly-Si film to heat it, and using 
the Si film so converted to the single crystal. 

However , such a semiconductor device is not free from 
the problem that ionic contaminants such as Na t enter the Si0 2 
film as the underlying film of the single Si film and invite 
fluctuation of various characteristics of IGFET such as its 
threshold voltage V Ta . 

It is an object of the present invention to provide a 
novel thin film semiconductor device that eliminates the 
problem described above. 

The semiconductor device according to the present 
invention is characterized by skillfully utilizing the 
property of silicon nitride of impeding ionic contaminants , 
and by preventing the ionic contaminants from entering the Si0 2 
film as the underlying film. Hereinafter , the present 
invention will be explained in detail with reference to an 
embodiment thereof shown in the accompanying drawings. 

FIG. 1 shows a thin film IGFET according to an embodiment 
of the present invention. Reference numeral 10 denotes a 
single crystal Si substrate . Reference numeral 11 denotes a 
SijN, film formed on the substrate 10 to a thickness of 0,1 to 
2 fink by a CVD process , or the like. Reference numeral 12 
denotes a Si0 2 film formed on the Si 3 N 4 film by the CVD process, 
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or the like* 

The substrate 10 may be made of polycrystalline Si or 
a dielectric such as sapphire, quartz, or the like* 

A poly-Si film or an amorphous Si film is deposited onto 
the Si0 2 film by the CVD process or vacuum deposition. While 
being irradiated and heated by a laser beam, etc, this Si film 
is scanned and converted to a single Si film 13. The single 
crystal Si film 13 is converted to a P type as a P type deciding 
impurity such as boron is doped before or after its 
crystallization to the single crystal* 

A gate insulating SiO ? film is footed on the surface of 
the P type Si film 13 by a thermal formation method, or the 
like, and a poly-Si film 15 is deposited to this SiO, film 14 
by the CVD process, or the like. This poly-Si film 15 is 
patterned into a predetermined gate pattern, and the Si0 2 film 
14 below the Si film 15 is then selectively etched with the 
Si film 15 as the mask, whenever necessary. Selective 
diffusion treatment or selective ion implantation treatment 
is carried out with Si film 15 and the Si0 2 portion below the 
former as the mask, forming thereby N + type source region 16 
and drain region 17. Since an N type deciding impurity is 
simultaneously doped into the Si film 15, too, the Si film 15 
is converted to the N* type (or its resistance is lowered). 

In the thin film IGFET described above, the Si 3 N« film 
11 is interposed between the substrate 10 and the Si0 2 film 
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12 and checks invasion of the ionic contaminants into the Si0 2 
film 12. Therefore, influences of the ionic contaminants on 
the channel region as the active region formed in the single 
crystal Si film 13 on the Si0 2 film can be minimized* The Si 3 N< 
film 11 comes into contact with the single crystal Si film 13 
not directly but through the Si0 2 film 12, Consequently, the 
interface charge density Q 8a becomes desirably small for 
stabilizing the characteristics* Incidentally, Q aa is about 
lO^/cm 3 for the Si-Si 3 N 4 interface and is about 2 x 10 l0 /cm'for 
the Si-Si0 2 interface. 

PIG. 2 shows a thin film IGFET according to another 
embodiment of the present invention * In the drawing, like 
reference numerals are used to identify like constituents as 
in FIG* 1 and the detailed explanation of such constituents 
will be omitted. The feature of the device shown in FIG. 2 
resides in that after holes are formed at positions 
corresponding to scribe lines A and B of the Si0 2 film 12 in 
such a way as to encompass the FET formation portion , the single 
crystal Si film 13 is formed, and a Si0 2 film 18 for isolation 
is then formed by a selective oxidation treatment in such a 
way as to encompass the FET formation portion. According to 
this arrangement, the single crystal Si film portion 13A 
outside the Si0 2 film 18 encompasses the FET formation portion 
while keeping contact with the Si 3 N« film 11. Moreover, such 
an enclosure structure remains even after scribing is conducted 
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along the scribe lines A and B and the substrate 10 is diced 
into a plurality of chips or pellets • Therefore, the edge part 
of the Si0 2 film 12 is covered with the single crystal Si film 
portion 13A and is not exposed to the chip edge with the result 
that a greater effect of preventing ionic contamination can 
be obtained than in the case of FIG- 1- 

FIG. 3 shows a thin film IGFET according to still another 
embodiment of the present invention. Like reference numerals 
are used in this drawing as in FIG. 1 # and the explanation of 
like constituents will be omitted. The feature of IGFET shown 
in FIG. 3 is that after a ring-like hole is so formed in the 
Si0 2 film 12 as to encompass the FET formation portion, the 
FET portion is formed by the method described with reference 
to PIG. la protective film 19 of PSG (phospho-silicate glass) 
covers the FET portion, a ring-like hole corresponding to the 
ring-like hole of the Si0 2 film is then formed in the protective 
film 19, and the Si 3 N 4 film 20 is thereafter formed over the 
entire surface of the substrate. According to this 
arrangement, the Si 3 N 4 film 20 comes into contact with the Si 3 N 4 
film 11 on the surface of the substrate through the ring-like 
holes formed in the protective film 19 and in the Si0 2 film. 
Therefore, the FET portion is encompassed and covered as a whole 
with the SijN 4 films 11 and 20. Consequently/ this embodiment 
provides a greater ionic contamination prevention effect and 
a greater passivation effect than in the cases of FIGS- 1 and 
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2. 

Incidentally, the Si 3 N 4 film is formed on the surface of 
the substrate in the embodiments given above but the substrate 
itself may well be made of a Si 3 N 4 material. In such a case, 
the Si 3 N 4 film need not be formed on the surface of the substrate. 

Brief Description of the Drawings: 

FIGS. 1, 2 and 3 are sectional views each showing a thin 
film IGFET according to a different embodiment of the present 
invention. 
10s substrate 
Hi Si 3 N 4 film 
12: Si0 2 film 
13: single crystal Si film 
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